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The recent paper by Clémence et al. (2015) provides extensive data on the evolution of 26	
calcareous nannofossils through a well-documented core representing the late Pliensbachian 27	
to early Toarcian interval of the Early Jurassic in the south of the Paris Basin. The study 28	
focuses on an interval recording a –6 ‰ negative carbon isotope excursion (CIE) in bulk 29	
carbonate and the onset of black shale deposition related to the Toarcian Oceanic Anoxic 30	
Event (T-OAE). The study by Clémence et al. (2015) takes advantage of a particularly well-31	
documented mineralogical, geochemical and cyclostratigraphic framework at Sancerre 32	
comprising an epicontinental record in the NW European realm (Hermoso et al., 2009, 2012; 33	
Boulila et al., 2014; Hermoso and Pellenard, 2014). Using calcareous nannofossil counts and 34	
morphometrics of Schizosphaerella punctulata calcispheres, it is suggested that a 35	
“biocalcification crisis” affected the phytoplankton due to global warming and, in turn, that 36	
reduced export of carbonate-ballasted particulate organic matter (POM) to the seafloor 37	
contributed to the expression of the negative CIE. If correct, this hypothesis would challenge 38	
our understanding of the nature of the largest carbon isotope excursion of Mesozoic and 39	
Cenozoic eras, and of the mechanisms responsible for the formation of a major hydrocarbon 40	
source rocks. However, here we question the arguments presented for assigning reduced 41	
calcareous nannofossil abundance in sediment to a temperature control and most importantly 42	
the interpretation that reduced pelagic calcification led the oceanic carbon pool towards 43	
depleted isotopic values. We emphasis that the negative CIE recorded during the Toarcian 44	
OAE was not caused, or significantly enhanced, by diminished efficiency of the biological 45	
pump during a period characterised globally by substantial production and accumulation of 46	
organic matter. 47	
 48	
Clémence et al. (2015) have related to global warming the drop in Schizosphaerella 49	
punctulata abundance that seems to be observed also elsewhere, as in the Peniche section 50	
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(Suan et al., 2008). Before a global picture can be drawn on the relationship between the 51	
environmental perturbations and nannofossil abundance, it is of paramount importance to 52	
establish robust causal links for the particular section being studied here. It is true that 53	
increased sea surface temperature has been suggested by numerous studies at the scale of the 54	
Early Toarcian predominantly deriving from geochemical evidence (see review by Jenkyns, 55	
2010). At Sancerre, a warming is compatible with a protracted negative shift in δ18O of 56	
carbonate, but that is recorded three metres higher in the core, coincident with deposition of 57	
black shale at 348.25 m (Hermoso et al., 2012). As a matter of fact, there is no direct evidence 58	
for an increase in sea surface temperature concomitant with the interval marked by decreased 59	
S. punctulata abundance from 351 m upwards in the Sancerre core (Fig. 6 of Clémence et al., 60	
2015) raising into question a dominant control on the production by this taxon by 61	
temperature. Rather, the level at which Schizosphaerella spp. show a drastic decrease in 62	
abundance and calcisphere size is coincident with a number of other profound environmental 63	
changes such as inferred increase in CO2atm (and presumably lower pH) and relative sea level 64	
fall (Hermoso et al., 2012, 2013).  65	
 The size of S. punctulata calcispheres is the most striking observation used by 66	
Clémence et al. (2015) to argue for reduced pelagic carbonate production prior to the CIE, as 67	
size reduction cannot be ascribed to enhanced calcite dilution by detrital minerals (quartz and 68	
clays). The observation of decreased calcisphere size is not only registered in the Paris Basin, 69	
but was previously reported from the Peniche section in the Lusitanian Basin (Suan et al., 70	
2008). In modern phytoplankton, increased specific growth rate sets the generation time of the 71	
extant phytoplanktonic population with consequences on cell size (Tang, 1995). Ecological 72	
models predict that if cells divide often, their cellular volume will tend to get smaller (Van 73	
Rijssel and Giekes, 2002; Atkinson et al., 2003). As such, there is a conundrum between 74	
micropalaeontological interpretation and ecological prediction under the assumption that 75	
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unfavourable conditions reduced biocalcification of S. punctulata. In the context of Early 76	
Toarcian environmental settings, it could be hypothesised that enhanced nutrient supply 77	
accompanying the major carbon cycle disturbance (Cohen et al., 2004; Hermoso et al., 2012) 78	
promoted nitrogen-rich cells, circumstances under which phytoplankton with relatively low 79	
growth rate and small cell size flourish (Marañón, 2015). We note that this hypothesis may be 80	
supported by the recognition of a “fertility event” by Clémence et al. (2015) from 351 m up to 81	
the onset of black shale deposition. In any case, there is not a straightforward explanation that 82	
can account for this palaeoecological feature. Thus, we would like to stress that it remains 83	
rather undemonstrated from a biogeochemical perspective that a postulated global warming at 84	
Sancerre was detrimental for S. punctulata growth (including its abundance and size). 85	
Considerable debate around the ecology of this taxon (Cobianchi and Picotti, 2001; Erba, 86	
2004; Mattioli and Pittet, 2004; Tremolada et al., 2005; Bour et al., 2007) additionally makes 87	
it very difficult to relate patterns in nannofossil abundance and size with environmental 88	
forcing. 89	
 The importance of biominerals produced by the calcareous phytoplankton (coccoliths 90	
and calcispheres) as a means of enhanced flux of POM to the seafloor is well argued (e.g., 91	
Deuser et al., 1981; Lam et al., 2011; Raven and Crawfurd, 2012). The sensitivity of the 92	
“physical” carbonate pump is all the more important in the Early Jurassic, as this time period 93	
lacked the diatoms and planktonic foraminifera of the present day. Diminished efficiency of 94	
this component of the biological pump, if recognised at a global scale, may have therefore 95	
reduced the ballasting of 12C-rich POM to the seafloor, as suggested by Clémence et al. 96	
(2015). However, in this paper, it is suggested that reduced calcification had an effect on the 97	
global isotopic carbon cycle through reduced ballasting of POM to the seafloor, hence 98	
decreasing carbon isotope values of the surface of the ocean. However, compelling global-99	
scale sedimentological and geochemical evidence indicates substantially high primary 100	
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productivity during the CIE and the T-OAE, with widespread accumulation of organic matter 101	
on the seafloor (e.g., Jenkyns, 1988; Jenkyns, 2010), and the age model adopted by Clémence 102	
et al. for the Sancerre core does not indicate any significant local condensation, arguing 103	
against slow sedimentation as a cause of organic enrichment. 104	
 In such proximal settings as the Paris Basin with very high quartz and clay content in 105	
sediments, the ballast of organic matter through a relatively thin water column probably also 106	
remained important, regardless change in calcite content (Kennedy et al., 2002). During the 107	
CIE, there was significant increase in the riverine run-off and discharge of detrital sediment to 108	
the basin (Cohen et al., 2004; Hermoso and Pellenard, 2014), potentially aiding export of 109	
POM to the seafloor. 110	
 In conclusion, it cannot be established from the presented data that the nannofossil 111	
trends observed at Sancerre – specifically decrease in abundance and size of S. punctulata – 112	
correspond to a “biocalcification crisis” due to increased temperature. A causal link between 113	
diminished pelagic carbonate production and carbon isotope composition of sediments 114	
appears unlikely considering continuously high primary productivity and organic carbon 115	
export to the seafloor during the Oceanic Anoxic Event, and the time lag of more than ~ 120 116	
kyr (cf. Fig. 6) that separates the onset of the supposed S. punctulata ‘crisis’ and the negative 117	
CIE. 118	
 119	
References 120	
 121	
Atkinson, D., Ciotti, B.J., Montagnes, D.J.S., 2003. Protists decrease in size linearly with 122	
temperature: ca. 2.5 degrees C-1. Proc. Biol. Sci. 270, 2605–2611.  123	
	 6	
Boulila, S., Galbrun, B., Huret, E., Hinnov, L. A., Rouget, I., Gardin, S., Bartolini, A., 2014. 124	
Astronomical calibration of the Toarcian Stage: Implications for sequence stratigraphy 125	
and duration of the early Toarcian OAE. Earth Planet. Sci. Lett. 386, 98–111.  126	
Bour, I., Mattioli, E., Pittet, B., 2007. Nannofacies analysis as a tool to reconstruct 127	
paleoenvironmental changes during the Early Toarcian anoxic event. Palaeogeogr. 128	
Palaeoclimatol. Palaeoecol. 249, 58–79. 129	
Cobianchi, M., Picotti, V., 2001. Sedimentary and biological response to sea-level and 130	
palaeoceanographic changes of a Lower ± Middle Jurassic Tethyan platform margin 131	
(Southern Alps , Italy). Palaeogeogr. Palaeoclimatol. Palaeoecol. 169, 219-244. 132	
Clémence, M., Gardin, S., Bartolini, A., 2015. New insights in the pattern and timing of the 133	
Early Jurassic calcareous nannofossil crisis. Palaeogeogr. Palaeoclimatol. Palaeoecol. 134	
271, 100–108. 135	
Cohen, A.S., Coe, A.L., Harding, S.M., 2004. Osmium isotope evidence for the regulation of 136	
atmospheric CO2 by continental weathering. Geology 32, 157–160. 137	
doi:10.1130/G20158.1. 138	
Deuser, W.G., Ross, E.H., Anderson, R.F., 1981. Seasonality in the supply of sediment to the 139	
deep Sargasso Sea and implications for the rapid transfer of matter to the deep ocean. 140	
Deep Sea Res. Part A. Oceanogr. Res. Pap. 28, 495–505. 141	
Erba, E., 2004. Calcareous nannofossils and Mesozoic oceanic anoxic events 52, 85–106. 142	
doi:10.1016/j.marmicro.2004.04.007 143	
Hermoso, M., Minoletti, F., Le Callonnec, L., Jenkyns, H.C., Hesselbo, S.P., Rickaby, 144	
R.E.M., Renard, M., de Rafélis, M., Emmanuel, L., 2009. Global and local forcing of 145	
Early Toarcian seawater chemistry: A comparative study of different paleoceanographic 146	
	 7	
settings (Paris and Lusitanian basins). Paleoceanography 24, 1–15, 147	
doi:10.1029/2009PA001764 148	
Hermoso, M., Minoletti, F., Pellenard, P., 2013. Black shale deposition during Toarcian 149	
super-greenhouse driven by sea level. Clim. Past Discuss. 9, 4365–4384. 150	
doi:10.5194/cpd-9-4365-2013. 151	
Hermoso, M., Minoletti, F., Rickaby, R.E.M., Hesselbo, S.P., Baudin, F., Jenkyns, H.C., 152	
2012. Dynamics of a stepped carbon-isotope excursion: Ultra high-resolution study of 153	
Early Toarcian environmental change. Earth Planet. Sci. Lett. 319-320, 45–54. 154	
Hermoso, M., Pellenard, P., 2014. Continental weathering and climatic changes inferred from 155	
clay mineralogy and paired carbon isotopes across the early to middle Toarcian in the 156	
Paris Basin. Palaeogeogr. Palaeoclimatol. Palaeoecol. 399, 385–393. 157	
Jenkyns, H.C., 1988. The Early Toarcian (Jurassic) Anoxic Event. Am. J. Sci. 288, 101–151. 158	
Jenkyns, H.C., 2010. Geochemistry of oceanic anoxic events. Geochemistry Geophys. 159	
Geosystems 11, 1–30, doi:10.1029/2009GC002788. 160	
Kennedy, M.J., Pevear, D.R., Hill, R.J., 2002. Mineral surface control of organic carbon in 161	
black shale. Science 295, 657–60. 162	
Lam, P.J., Doney, S.C., Bishop, J.K.B., 2011. The dynamic ocean biological pump: Insights 163	
from a global compilation of particulate organic carbon, CaCO3, and opal concentration 164	
profiles from the mesopelagic. Global Biogeochem. Cycles 25, 1–14, 165	
doi:10.1029/2010GB003868. 166	
Mattioli, E., Pittet, B., 2004. Spatial and temporal distribution of calcareous nannofossils 167	
along a proximal – distal transect in the Lower Jurassic of the Umbria – Marche Basin 168	
(central Italy) 205, 295–316. 169	
	 8	
Mattioli, E., Pittet, B., Suan, G., Mailliot, S., 2008. Calcareous nannoplankton changes across 170	
the early Toarcian oceanic anoxic event in the western Tethys. Paleoceanography 23, 1–171	
17. doi:10.1029/2007PA001435. 172	
Marañón, E., 2015. Cell Size as a Key Determinant of Phytoplankton Metabolism and 173	
Community Structure. Ann. Rev. Mar. Sci. 7, 241–264, doi:10.1146/annurev-marine-174	
010814-015955. 175	
Raven, J., Crawfurd, K., 2012. Environmental controls on coccolithophore calcification. Mar. 176	
Ecol. Prog. Ser. 470, 137–166.  177	
Suan, G., Mattioli, E., Pittet, B., Mailliot, S., Lécuyer, C., 2008. Evidence for major 178	
environmental perturbation prior to and during the Toarcian (Early Jurassic) oceanic 179	
anoxic event from the Lusitanian Basin, Portugal. Paleoceanography 23, 1–14, 180	
doi:10.1029/2007PA001459. 181	
Tang, E.P.Y., 1995. The allometry of algal growth rates. J. Plankton Res. 17, 1325–1335. 182	
doi:10.1093/plankt/17.6.1325. 183	
Tremolada, F., Van de Schootbrugge, B., Erba, E., 2005. Early Jurassic schizosphaerellid 184	
crisis in Cantabria, Spain: Implications for calcification rates and phytoplankton 185	
evolution across the Toarcian oceanic anoxic event. Paleoceanography 20, 186	
doi:10.1029/2004PA001120. 187	
Van Rijssel, M., Gieskes, W.W.., 2002. Temperature, light, and the 188	
dimethylsulfoniopropionate (DMSP) content of Emiliania huxleyi (Prymnesiophyceae). 189	
J. Sea Res. 48, 17–27. doi:10.1016/S1385-1101(02)00134-X. 190	
